All the available historic surface marine meteorological data collected from Voluntary Observing Ships (VOS) in the tropical Indian Ocean during the period 1951-2010, archived by National Centre for Atmospheric Research, Boulder, Colorado, USA are assembled, quality controlled, processed and analyzed. Data for all the meteorological parameters stratified into 4°latitude by 1°longitude boxes, over five day durations, for all the 60 years are quality controlled, averaged and analyzed to portray the observed spatio-temporal evolution of all these parameters as Hovmoller diagrams for the Gulf of Aden to Strait of Malacca shipping lane. Two dimensional machine contouring is carried out with appropriate colour shading intensities to highlight the maxima and minima in the analyzed fields. The observed intraseasonal and interannual variability of these parameters is characterized along this shipping lane. These analyzed distributions amply highlight the observed variability of the surface meteorological parameters both on intraseasonal and interannual time scales during 1951-2010. Composites of SST and other marine meteorological parameters for strong and weak ASWP regimes, for strong and weak monsoon years, for El Nino (+1Y) and La Nina (+1Y) years and for Positive and Negative IOD (+1Y) years are presented.
INTRODUCTION
The prediction of spatio-temporal evolution of seasonally reversing monsoons and the near-surface layers of the tropical Indian Ocean (TIO) as an interactive coupled geophysical fluid system with a great deal of internal feedbacks continues to remain as a challenging problem. The complex monsoonal interaction with the tropical Indian Ocean produces a rich class of meteorological and oceanic phenomena, with a wide range of socio-economic consequences for millions of people living in the countries around. Understanding the physical mechanisms, which govern the evolution of these phenomena, therefore assumes paramount importance towards the development of expertise and capability to predict the spatio-temporal evolution of this coupled system for societal benefits. A basic prerequisite for addressing such a complex problem is to generate sufficiently detailed descriptions of the characteristics of the spatio-temporal variability of the system and the mechanisms that govern its evolution.
The dynamic and thermodynamic exchanges across the air-sea interface through surface wind stress, radiative and turbulent heat, and freshwater fluxes determine the nature of the coupling between the monsoonal wind systems and the near-surface layers of the TIO. Although these fluxes are not directly measurable, routine marine meteorological measurements made from merchant, fishery, naval and research ships, towers, buoys, aircraft, and satellites are used to estimate these fluxes, with yet unknown errors, for both meteorological and oceanographic studies. Operational forecasting models also require design of an ocean observing system for climate might be different depending on whether SST plays an active role in such phenomena (Godfrey et al., 1995) .
In the light of the above, it would be worthwhile to re-examine the available historic marine data sets to resolve and characterize the nature of the observed intraseasonal variability hither to be masked in the surface meteorological and oceanographic fields presented in the atlases published earlier. Earlier Rao et al., (1996) have presented pentad scale variability of surface meteorology and SST for all the major shipping lanes in the TIO for the period [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] . Expanding the effort made in this atlas, the first of its kind, the observed intraseasonal and interannual variability of surface meteorology and SST along seven major shipping lanes (Fig. 1) where the data density is relatively richer by more than an order of magnitude compared to regions outside these shipping lanes are portrayed. In this study, data collected only in the Gulf of Aden to Strait of Malacca is considered as it cuts across the ASWP region.
ANALYSIS AND DISCUSSION

Observed intraseasonal and interannual variability of SST
The observed pentad-resolved intraseasonal and interannual variability of SST along the Gulf of Aden to Strait of Malacca is shown in Figs. 2a, 2b, 2c, and 2d . The manifestation of seasonal cycle of observed SST is clearly seen as its bimodal variability. With the onset and progress of the summer monsoon, the SST cools with variable amplitude across the lane. During the summer monsoon season the cooling is most pronounced in the western Arabian Sea, off the Somalia-Arabian coasts. This cooling is well known to be driven by strong southwesterly monsoon winds resulting in coastal upwelling, offshore advection of cooler waters, evaporation and mixing (Duing and Leetma, 1980; Shetye, 1986; Molinari et al., 1986; Rao, 1986) . Another cooling signal although milder in amplitude is also noticed south of Indo-Sri Lanka Channel during the summer monsoon season (Rao et al., 2006a 58 Observed intraseasonal and interannual variability of Arabian Sea Warm Pool along the Gulf of Aden to Strait of Malacca shipping lane during International Journal of Ocean and Climate Systems during 1981 during -1995 during . and 2006b during , Rao et al., 2010 . Strong cooling is also seen during winter due to strong northeasterly dry wind forcing. During the pre-monsoon season (March -May) the built up of a warm pool is seen across the lane with peak values reaching in excess of 30ºC. The post-monsoon (October -November) warming is of relatively smaller amplitude compared to that of the pre-monsoon warming. A careful examination of these figures reveals that distinct differences in the amplitudes and spatio-temporal extents of pre-summer monsoon (March-May) and post-summer monsoon (October-November) heating and winter (December-February) and summer monsoon (June-September) cooling patterns are seen among all these sixty years. The influence of El Nino and La Nina and IOD can also be clearly seen in the observed SST patterns. The magnitude and spatio-temporal extent of ASWP SST is relatively higher during the years following strong El Nino (+1Y) (Eg: 1958 (Eg: , 1966 (Eg: , 1973 (Eg: , 1983 (Eg: , 1988 (Eg: and 1998 . On the other hand, the magnitude and spatio-temporal extent of ASWP SST is relatively lower during the years following strong La Nina (+1Y) (Eg: 1974 (Eg: , 1976 (Eg: , 1989 (Eg: , 2000 (Eg: and 2011 . The combined effect of El Nino and +ve IOD also produced warmer ASWP during the following (+1Y) years (Eg: 1958 (Eg: , 1964 (Eg: , 1983 (Eg: , 1992 (Eg: and 2000 . The + ve IOD in combination with La Nina also produces a warmer ASWP (Eg: 1979) . During this observational record, there was not a single combined occurrence of El Nino and -ve IOD. A careful inspection of SST fields clearly reveals the transient presence of intraseasonal fluctuations although of relatively weaker amplitude during all the years during both cooling and heating regimes. It would be instructive to examine the nature and causative mechanisms of these intraseasonal fluctuations observed in the SST field. As a first step in this direction, the associated surface marine meteorological fields such as mean sea level pressure, surface wind speed and total cloudiness are examined for all the 60 years. However, here the plots for these three elements for the years 1996-2010 of the observational record are presented (Figs. 3a, 3b, and 3c) . All these three elements also show greater intraseasonal variability across the lane than compared to that of SST. One can also see some suggestion of westward slope of these intraseasonal bands more clearly in the mean sea level pressure and total cloud amount fields implying westward propagation. This suggests that air-sea interaction plays an important role in driving the observed intraseasonal variability in the atmosphere-ocean coupled system. The mean sea level atmospheric pressure field (Fig. 3a) reveals the signature of the north-south march of east-west low-pressure band associated with Inter Tropical Convergence Zone (ITCZ) in tune with sun's march. The seasonal amplitude of the observed annual cycle of the surface atmospheric pressure decreases from the Gulf of Aden to the Strait of Malacca. The surface atmospheric pressure is lower during the summer monsoon months compared to those of non-monsoon months. The most dominant observed feature is the intraseasonal variability across the entire shipping lane. The amplitudes of these oscillations are relatively larger during the summer monsoon season, which characterize the active-break cycle of the monsoon. These oscillations also show the tendency of westward propagation. Year-to-year differences in the space-time distribution of these oscillations are also clearly seen. For instance, the observed surface atmospheric pressure during a drought year (2004) shows a subnormal distribution.
The surface wind field (Fig. 3b) is characterized by the seasonal monsoonal forcing in tune with the surface atmospheric pressure distribution. The seasonal amplitude of the observed annual cycle of the surface wind speed decreases from the Gulf of Aden to the Strait of Malacca. The surface wind speed values are higher during the summer monsoon months compared to those of non-monsoon months. The signature of the low level Findlater jet in the western Arabian Sea during the summer monsoon is distinctly seen. The surface winds are relatively weaker during the monsoon transition months. The most dominant observed feature is the intraseasonal variability across the entire shipping lane. The amplitudes of these oscillations are relatively larger during the summer monsoon season, which characterize the active-break cycle of the monsoon. Year-to-year differences in the space-time distribution of these oscillations are also clearly seen. The most dominant observed feature in the visually observed total cloud amount (Fig. 3c) is the intraseasonal variability across the entire shipping lane. The amplitude of the intraseasonal variability is relatively larger during the summer monsoon and post-monsoon seasons, which characterize the active-break cycle of the monsoon. These oscillations also show the tendency of westward propagation. Year-to-year differences in the space-time distribution of these oscillations are also clearly seen. For instance, the observed total cloud amount during a drought year (2004) The observed distributions of mean sea level pressure, surface wind speed, total cloud amount, surface net heat flux, and SST along the Gulf of Aden to Strait of Malacca shipping lane during 1996 (as an example) are shown in Fig 3e. A careful examination reveals a broad temporal correspondence between low (high) pressure bands, high (low) wind speed regimes, high (low) total cloud amounts, and negative (positive) surface net heat flux. Although not very clear, one can see a lag of few days between the occurrence of low (high) SSTs and negative (positive) surface net heat flux. This clearly suggests that the intraseasonal evolution of SST is primarily governed by local air-sea interaction processes.
The Morlet wavelet spectra (Torrence and Compo, 1998) of mean sea level pressure, surface wind speed, surface net heat flux, total cloud amount and SST for the input pentad data averaged for the boxes (shown in the inset map) are shown for the year 1996 in Fig. 3f . The plots are presented to highlight the most dominant periodicities in the intraseasonal band. All the five parameters have broadly shown a pronounced signal with periods ranging between 30-60 days during the summer monsoon season. This periodicity corresponds to well known Madden-Julian oscillation in the tropics. The corresponding composites of SST, mean sea level pressure, surface wind speed, specific humidity, low and total cloud amounts are generated for strong and weak ASWP regimes.
The observed distribution of composites of SST along the Gulf of Aden to Strait of Malacca corresponding to strong and weak ASWP regimes is shown in Fig. 4a . The warm pool shows higher values during strong ASWP regime compared to that of weak ASWP regime. The amplitude of the summer monsoon cooling in the western Arabian Sea is higher during weak ASWP regime due to stronger monsoonal forcing. Interestingly, the post-monsoon warming is much higher following strong ASWP regime compared to that of weak ASWP regime. The observed cooling south of Indo-Sri Lanka Channel (Rao et al., 2006a and 2006b ) during summer monsoon season is also larger during the weak ASWP regime due to stronger monsoonal forcing. The nature of the summer monsoonal forcing determines the amplitudes summer monsoonal cooling and post-monsoon warming along the shipping lane. The observed distribution of composites of mean sea level pressure along the Gulf of Aden to Strait of Malacca corresponding to strong and weak ASWP regimes is shown in Fig. 4b . The mean sea level pressure is relatively higher during strong ASWP regime compared to that of weak ASWP regime. This is more conspicuously seen during the course of the summer monsoon season. The mean sea level pressure in the western Arabian Sea during the height of the summer monsoon is higher during strong ASWP regime. The observed intraseasonal variability in the mean sea level pressure is most pronounced during weak ASWP regime. The westward propagation of low-pressure events is distinctly seen during the summer monsoon season. Interestingly, even during the post-monsoon season the observed intraseasonal variability in the mean sea level pressure is larger during the weak ASWP regime. The observed nature of the mean sea level pressure distribution determines the overall performance of the summer monsoon.
The observed distribution of composites of surface wind speed along the Gulf of Aden to Strait of Malacca corresponding to strong and weak ASWP regimes is shown in Fig. 4c . A careful examination reveals that the duration of the life cycle of the summer monsoon is longer during weak ASWP regime when compared to strong ASWP regime. The observed intraseasonal variability of the wind field is relatively more pronounced during weak ASWP regime in comparison to the strong ASWP regime.
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Observed intraseasonal and interannual variability of Arabian Sea Warm Pool along the Gulf of Aden to Strait of Malacca shipping lane during International Journal of Ocean and Climate Systems The observed distribution of composites of surface specific humidity along the Gulf of Aden to Strait of Malacca corresponding to strong and weak ASWP regimes is shown in Fig. 2.4d . The surface specific humidity is relatively higher during strong ASWP regime due to greater evaporation. Two peaks in the surface specific humidity are seen along the shipping track. One peak is seen in the western Arabian Sea and the other peak is seen east of Sri Lanka. A stronger contrast is seen in the region east of Sri Lanka when compared to that of the western Arabian Sea.
The observed distribution of composites of low and total cloud amounts along the Gulf of Aden to Strait of Malacca corresponding to strong and weak ASWP regimes is shown in Figs. 4e and 4f respectively. Greater intraseasonal variability is seen in the low and total cloud amounts in association with weak ASWP regime. The observed intraseasonal variability of both low and total cloud amounts over the southeastern Arabian Sea is more pronounced during weak ASWP regime. The observed distribution of composites of surface net heat flux along the Gulf of Aden to Strait of Malacca corresponding to strong and weak ASWP regimes is shown in Fig. 2.4g . Greater intraseasonal variability is seen in the surface net heat flux in association with weak ASWP regime. This is in agreement with a similar feature seen in the total cloud amount. The observed intraseasonal variability of surface net heat flux over the southeastern Arabian Sea is more pronounced during weak ASWP regime as seen for the total cloud amount.
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Comparison of composites for strong and weak monsoon years
Based on the observed rainfall distribution over India, the India Meteorological Department has categorized the years as good, normal, and weak monsoon years (Ananthakrishnan and Parthasarathy, 1984) . It would be interesting to examine the observed evolution of SST, mean sea level pressure, surface wind speed, specific humidity, low and total cloud amounts along the Gulf of Aden to Strait of Malacca shipping lane during strong and weak monsoon years. The observed data are composited for strong (1956, 1959, 1961, 1970, 1975, 1983, 1988 and 1994) and weak (1965, 1972, 1979, 1982, 1987, 2002, 2004 and 2009 ) monsoon years for all the six parameters. The observed distribution of composites of SST along the Gulf of Aden to Strait of Malacca corresponding to strong monsoon years and weak monsoon years is shown in Fig. 5a . The SST is relatively warmer during weak monsoon years due to weak monsoonal forcing. The ASWP shows higher values during weak monsoon years compared to that of strong monsoon years. The amplitude of the summer monsoon cooling in the western Arabian Sea is higher during strong monsoon years due to stronger monsoonal forcing. Interestingly, the postmonsoon warming is much higher during weak monsoon years compared to that of strong monsoon years. The nature of the summer monsoonal forcing determines the amplitudes summer monsoonal cooling and post-monsoon warming along the shipping lane.
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Volume 6 · Number 2 · 2015 The observed distribution of composites of mean sea level pressure along the Gulf of Aden to Strait of Malacca corresponding to strong and weak monsoon years is shown in Fig. 5b . The mean sea level pressure is relatively higher during weak monsoon years compared to that of strong monsoon years. This is most conspicuously seen during the course of the summer monsoon season. The mean sea level pressure in the western Arabian Sea during the height of the summer monsoon is higher during weak monsoon years. The observed intraseasonal variability in the mean sea level pressure is most pronounced during strong monsoon years. The westward propagation of low-pressure events is distinctly seen during the summer monsoon season. Interestingly, even during the post-monsoon season the observed intraseasonal variability in the mean sea level pressure is larger during the strong monsoon years. The observed nature of the mean sea level pressure determines the overall performance of the summer monsoon.
The observed distribution of composites of surface wind speed along the Gulf of Aden to Strait of Malacca corresponding to strong and weak monsoon years is shown in Fig. 5c . A careful examination reveals that the duration of the life cycle of the summer monsoon is longer during strong monsoon years when compared to weak monsoon years. The double peak in the core of the Findlater Jet in the western Arabian Sea is more conspicuous during the weak monsoon years than during strong monsoon years. In the southern Bay of Bengal, the surface winds are relatively stronger during weak monsoon years when compared to strong monsoon years. The observed distribution of composites of surface specific humidity along the Gulf of Aden to Strait of Malacca corresponding to strong and weak monsoon years is shown in Fig. 5d . The surface specific humidity is relatively higher during strong monsoon years due to greater evaporation. Two peaks in the surface specific humidity are seen along the shipping track. One peak is seen in the western Arabian Sea and the other peak is seen east of Sri Lanka. A stronger contrast is seen in the western Arabian Sea peak when compared to that of east of Sri Lanka. The observed distribution of composites of low and total cloud amounts along the Gulf of Aden to Strait of Malacca corresponding to strong and weak monsoon years is shown in Figs. 5e and 5f respectively. Both the low and total cloud amounts are relatively higher during strong monsoon years. The observed contrast between strong and weak monsoon years is much higher in respect of total cloud amount. 
COMPARISON OF COMPOSITES FOR EL NINO (+1Y) AND LA NINA (+1Y) YEARS
It would be interesting to examine the observed evolution of ASWP, mean sea level pressure, surface wind speed, specific humidity, low and total cloud amounts along the Gulf of Aden to Strait of Malacca shipping lane during the El Nino (+1Y) and La Nina (+1Y) years. In this study, strong El Nino and strong La Nina years are only considered. The observed data are composited for the strong El Nino (+1Y) (1958, 1966, 1973, 1983, 1988 and 1998) and strong La Nina (+1Y) (1974, 1976, 1989, 2000, and 2011 ) years for all the six parameters. The observed distribution of SST along the Gulf of Aden to Strait of Malacca for both the composites is shown in Fig. 6a . A sharp contrast is seen between the spatio-temporal evolution of SST during El Nino (+1Y) and La Nina (+1Y) regimes. The ASWP is pronounced in both amplitude and spatio-temporal extent during the El Nino (+1Y) regime when compared to that of the La Nina (+1Y) regime. A few other studies have shown that the SSTs over the Indian Ocean are warmer 3-4 months after the mature phase of the El Niño Lau and Nath 2003; Xie et al., 2002 and . Kim et al., (2012) have examined the warm pool characteristics of the Indian and Pacific sectors and found that the seasonal variability is large in the Indian Ocean sector and the interannual variability is comparable in both sectors. The interannual variability is primarily attributed to the El Nino -Southern Oscillation. The warm pool intensity in both sectors is correlated with a delay of 5 to 6 months after the occurrence of the ENSO. The nature of the summer monsoonal forcing determines the amplitudes summer monsoonal cooling and post-monsoon warming along the shipping lane. The observed distribution of mean sea level pressure along the Gulf of Aden to Strait of Malacca for both the composites is shown in Fig. 6b . The seasonal amplitude of the mean sea level pressure over the western Arabian Sea is larger during the El Nino (+1Y) regime in comparison to the La Nina (+1Y) regime. Pronounced intraseasonal variability is seen during both the regimes. The westward propagating low-pressure intraseasonal events are fewer during the El Nino (+1Y) regime in comparison to the La Nina (+1Y) regime. During the El Nino (+1Y) regime pronounced intraseasonal events are mostly confined only to summer monsoon and post-monsoon seasons while they are present almost throughout the La Nina (+1Y) regime.
The observed distribution of surface wind speed along the Gulf of Aden to Strait of Malacca is shown in Fig. 6c . During the summer monsoon season, the surface winds are relatively weaker during the El Nino (+1Y) regime in comparison with those of the La Nina (+1Y) regime. The observed intraseasonal variability during the summer monsoon season is also relatively weaker during the El Nino (+1Y) regime in comparison to that of the La Nina (+1Y) regime.
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Observed intraseasonal and interannual variability of Arabian Sea Warm Pool along the Gulf of Aden to Strait of Malacca shipping lane during International Journal of Ocean and Climate Systems The observed distribution of specific humidity along the Gulf of Aden to Strait of Malacca for both the composites is shown in Fig. 6d . A sharp contrast is seen between the spatio-temporal evolution of specific humidity during the El Nino (+1Y) and the La Nina (+1Y) regimes. The specific humidity is higher in both amplitude and spatio-temporal extent during the El Nino (+1Y) regime when compared to the La Nina (+1Y) regime. The large differences seen during April-May between both the regimes are attributed to the corresponding differences seen in the SST distributions.
The observed distribution of low and total cloud amounts along the Gulf of Aden to Strait of Malacca for both the composites is shown in Figs 6e and 6f. During both the regimes, distinct R.R.Rao, M.Jitendra, R.Sivakumar, and S.S.V.S.Ramakrishna 75
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Comparison of composites for Positive and Negative IOD (+1Y) years
It would be interesting to examine the observed evolution of the ASWP, mean sea level pressure, surface wind speed, specific humidity, low and total cloud amounts along the Gulf of Aden to Strait of Malacca shipping lane during the positive IOD (+1Y) and negative IOD (+1Y) regimes. In this study, strong positive IOD and strong negative IOD years are only considered. The observed data are composited for the strong positive IOD (+1Y) (1962, 1964, 1968, 1973, 1978, 1983, 1984, 1994, 1997, 2006 and 2007) and strong negative IOD (+1Y) (1959, 1961, 1965, 1972, 1975, 1976, 1990, 1993, 1994 and 1997) years for all the six parameters. The observed distribution of SST along the Gulf of Aden to Strait of Malacca for both the composites is shown in Fig. 7a . The ASWP is pronounced in both amplitude and spatio-temporal extent during the positive IOD (+1Y) regime when compared to that of the negative IOD (+1Y) regime. The IOD events manifest as patterns of anomalously warm SST in the western Indian Ocean, along with cool SST in the southeastern Indian Ocean (Murtugudde et al.,. 1998; Saji et al.,. 1999; Webster et al.,. 1999 ). The observed distribution of mean sea level pressure along the Gulf of Aden to Strait of Malacca for both the composites is shown in Fig. 7b . The seasonal amplitude of the mean sea level pressure over the western Arabian Sea is larger during the positive IOD (+1Y) regime in comparison to that of during the negative IOD (+1Y) regime. During summer monsoon, season pronounced intraseasonal variability is seen during both the regimes. The westward propagating low-pressure intraseasonal events are more during the positive IOD (+1Y) regime in comparison to those during the negative IOD (+1Y) regime. The observed distribution of specific humidity along the Gulf of Aden to Strait of Malacca for both the composites is shown in Fig. 7d . A sharp contrast is seen between the spatio-temporal evolution of specific humidity during the positive and the negative IOD (+1Y) regimes. The specific humidity is higher in both amplitude and spatio-temporal extent during the positive IOD (+1Y) regime when compared to that of the during negative IOD (+1Y) regime. The large differences seen during AprilMay between both the regimes are attributed to the corresponding differences seen in the SST distributions.
The observed distribution of surface wind speed along the Gulf of Aden to Strait of Malacca for both the composites is shown in Fig. 7c . During the summer monsoon season, the surface winds show intraseasonal variability during both the regimes. However, the amplitude of these oscillations is moderately stronger during the negative IOD (+1Y) regime in comparison to those during the positive IOD (+1Y) regime.
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SUMMARY AND CONCLUSIONS
The SST fields along the Gulf of Aden to the Strait of Malacca shipping lane amply highlight the observed variability both on intraseasonal and interannual time scales. Along this lane, a broad temporal correspondence is seen between low (high) pressure bands, high (low) wind speed regimes, high (low) total cloud amounts, negative (positive) surface net heat flux and low (high) SSTs. This clearly suggests that the intraseasonal evolution of SST is primarily governed by local air-sea interaction processes. On interannual time scale, the influence of the El Nino -La Nina and the positive and the negative phases of IOD is clearly seen on the subsequent evolution of SST and the ASWP. Similar analysis for the associated surface marine meteorological elements such as mean sea level pressure, scalar wind speed, total cloud amount and surface net heat flux also show pronounced variability both on intraseasonal and interannual time scales. A comparison is made between the composites for strong and weak ASWP regimes. The warm pool shows higher values during strong ASWP regime compared to that of weak ASWP regime. Interestingly, the post-monsoon warming is much higher following strong ASWP regime compared to that of weak ASWP regime. The mean sea level pressure is relatively higher during strong ASWP regime compared to that of weak ASWP regime. This is more conspicuously seen during the course of the summer monsoon season. The duration of the life cycle of the summer monsoon is longer during weak ASWP regime when compared to strong ASWP regime. The surface specific humidity is relatively higher during strong ASWP regime due to greater evaporation. Nevertheless, both the low and total cloud amounts are relatively lower during strong ASWP regime due to absence of favorable atmospheric circulation patterns. The observed intraseasonal variability of both low and total cloud amounts over the southeastern Arabian Sea is more pronounced during weak ASWP regime. Greater intraseasonal variability is also seen in the surface net heat flux in association with weak ASWP regime. This is in agreement with a similar feature seen in the total cloud amount. The observed intraseasonal variability of surface net heat flux over the southeastern Arabian Sea is more pronounced during weak ASWP regime.
A comparison is made between the composites for strong and weak monsoon years. The SST is relatively warmer during weak monsoon years due to weak monsoonal forcing. The ASWP shows higher amplitude during weak monsoon years compared to that of strong monsoon years. Interestingly, the post-monsoon warming is much higher during weak monsoon years compared to that of strong monsoon years. The mean sea level pressure is relatively higher during weak monsoon years compared to that of strong monsoon years. The observed intraseasonal variability in the mean sea level pressure is most pronounced during strong monsoon years. The westward propagation of low-pressure events is distinctly seen during the summer monsoon season. In the surface wind field the most dominant observed feature is the intraseasonal variability across the entire shipping lane. The amplitudes of these oscillations are relatively larger during the summer monsoon season, which characterize the activebreak cycle of the monsoon. In the southern Bay of Bengal, the surface winds are relatively stronger during weak monsoon years when compared to strong monsoon years. The surface specific humidity is relatively higher during strong monsoon years due to greater evaporation. Both the low and total cloud amounts are relatively higher during strong monsoon years. The observed contrast between strong and weak monsoon years is much higher in respect of total cloud amount. The ASWP is pronounced in both amplitude and spatio-temporal extent during the El Nino (+1Y) regime when compared to that of the La Nina (+1Y) regime. The interannual variability is primarily attributed to the El Nino -Southern Oscillation. The westward propagating low-pressure intraseasonal events are fewer during the El Nino (+1Y) regime in comparison to the La Nina (+1Y) regime. During the El Nino (+1Y) regime pronounced intraseasonal events are mostly confined only to summer monsoon and post-monsoon seasons while they are present almost throughout the La Nina (+1Y) regime. The observed intraseasonal variability during the summer monsoon season is relatively weaker during the El Nino (+1Y) regime in comparison with the La Nina (+1Y) regime. The specific humidity is higher in both amplitude and spatio-temporal extent during the El Nino (+ 1Y) regime when compared to the La Nina (+1Y) regime. The large differences seen during April-May between both the regimes are attributed to the corresponding differences seen in the SST distributions. Over the southeastern Arabian Sea during the summer monsoon season, relatively lower values of low cloud amount have occurred during the El Nino (+1Y) regime in comparison to those of the La Nina (+1Y) regime. On the other hand, over the southern Bay of Bengal, during the summer monsoon season, relatively higher values of total cloud amount have occurred during the El Nino (+1Y) regime in comparison to those of the La Nina (+1Y) regime.
The ASWP is pronounced in both amplitude and spatio-temporal extent during the positive IOD (+1Y) regime when compared to the negative IOD (+1Y) regime. The westward propagating low pressure intraseasonal events are more during the positive IOD (+1Y) regime in comparison to that of the negative IOD (+1Y) regime. The amplitude of the intraseasonal oscillations in surface wind speed is moderately stronger during the negative IOD (+1Y) regime in comparison to the positive IOD (+1Y) regime. The surface specific humidity is higher in both amplitude and spatio-temporal extent during the positive IOD (+ 1Y) regime when compared to the negative IOD (+1Y) regime. The large differences seen during April-May between both the regimes are attributed to the corresponding differences seen in the SST distributions. During both the regimes, distinct intraseasonal variability is seen in both the distributions of low and total cloud amounts.
